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UDK: 58.084:582.165.7:
Opl1nmaJ1HI1 HayqHI1 paA
KYJITYPA IN VITRO CErMEHATA CTAliJIA KAO METO)]; 3A
MIIKPOTIPOTIArAI.I;IIJY XPlI3AHTEMA
lf3BO,lJ.: Ilpoy-raaan je yrnuaj HeKOJUlKO XpaIIJhHBHX noanora na in vitro yMHOJKa-
sarse mnaaaxa 13 COPTH xpasarrreaa xoje ce raje y nauroj 3eMJhH. XpaHJhHBe noon-
nore ofioraheue u-nadrrnn capheruou H6eB3HJI-aMHHonypHBoM cy 6HJIe Haje<pH-
xacnaje sa MHKponponaraUHjy aaaanaxa, Hajsehn HH.ll.eKC ysnroacaaarsa aaaanaxa
je nOCTHrHyT KO.ll. copre "Tigerrag". Ycnewno oxarsaaan,e (81-100%), y sasacao-
CTH on cOPTe, je nocrarnyro na xpanrsuaoj nO.ll.JI03H 6e3 xopuona. AKJIHMaTH3a-
uaja in vitro 6HJh'1Hua XpH3aHTeMa ce xperana y oncery 55-84%. Ilocne rajen.a y
yCJIOBHMa norsa npn onosapajyhev <poTonepHO.ll.Y CBe copre cy IIBeTaJIe.
Kn.yxae pe-ns: Chrysanthemum morifolium, cerraerrr cTa6JIa, MHKponponaraUHja
H3.ll.aHaKa, opranoreneaa, OJKHJhaBaIbe
STEM SEGMENT IN VITRO CULTURE OF CHRYSANTHEMUM AS A
METHOD FOR MICROPROPAGATION
Abstract: The effect of several nutritional media on in vitro shoot multiplication of
13 chrysanthemum cultivars grown in our country was investigated. Medium sup-
plemented with a-naphtalenacetic acid and 6-benzylaminopurine was the most effi-
cient for shoot multiplication. The highest shoot multiplication index was achieved
for cultivar "Tigerrag". Successful rooting of shoots, depending on cultivars, was
obtained on a hormone free medium. Acclimatization of in vitro plants was 55-84%.
After growing in the field under suitable photoperiod regime, all cultivars flowered.
Key words: Chrysanthemum morifolium, stem segment, shoot multiplication, or-
ganogenesis, rooting
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1. YBO,l(
XpH3aHTeMa (T3B. jecersa pyxca) npnnana rpyna BeOMa sna-rajaax ,ll,eKOpaTHBHHX
BpCTa, norommx sa paamrnrre HalJHHe rajeisa TOKOM nene ronnae. Pon Chrysanthemum
ofiyxnara OKO 100 jennoromnnn.ax H aaureronnunsnx spcra xoje cy pacnpocrparseae y
AclJPHUH, AMepHuH, A3HjH H Eaponn, a najsacryruscnaja on lhHX je Chrysanthemum in-
dieum. Ilpesta CBOM xafinrycy, xpasaareue ce MOry CBpCTaTH Y ner rpyrra: 1. KHHeCKe
xpH3aHTeMe, lJHje cy JIaTHuecaanjene na none; 2. jarraHcKe KojHMa cy JIaTHue nonnmyre
aa rope; 3. KpyrrHollBeTHe, lJHjH je npesnax UBeTa 20-30 em; 4. CHTHOllBeTHe, ca npes-
HHKOM nsera 5-10 em H 5. IIeKopaTHBHe-eBporrcKe CeJIeKllHje, xoje yjeznnsyjy jezmocraa-
HOCT rajeisa CHTHOuBeTHHX H ,ll,eKOpaTHBHHx xpynuonaernax xpasanreaa (TI 0 TKO-
is ax A., ,[(ypMaH-ByjoIlleBHn K., 1994). TIPH KJIaCHlJHOM onrajaisy xpaaaureva
'rpefiano 6H BO,ll,HTH pasyaa 0 yCJIOBHMa rajeisa, a TO cy: rrOJIyceHoBHT JIOKanHTeT, pac-
TpeCHTO 3eMJbHIllTe H onpeheaa BJIa)KHOCT.
XpH3aHTeMa je ,ll,06HJIa HMe rro rp-ixoj pe-ia Chrysos (3JIaTO) If anthemos (UBeT),
jep je najnehn 6poj BpCTaynpaso )KyTe 6oje. TIpBH 3arrHCH 0 xpH3aHTeMH nOTHlJY jour on
rrpe 2500 ronana, xana ce rrOMHlhey 3arrHCHMa KHHeCKor clJHJIOcoclJa Kotupysnja. 113 KH-
He je nonera y Kopejy, a 3aTHM y Janan. MeljYTHM, y Espony, rj. y Eurnecxy, npenera je
nOJIOBHHOM XVIII aexa rne no-nm.e HHTe3HBHO na ce raja, Pa3MHO)KaBajy ce BpIllHHM
pesnauaua, ,ll,e060M fioxopa y nonnoaqy MaTHlJHe 6HJbKe HJIH ceMeHOM y nponehe, Pe3-
HHue ce O)KHJbaBajy y BJIa)KHOM necxy na 18°C y Majy H jyHy (Jl a 3 Hn E. et al., 1994).
XpH3aHTeMe ce raje rrpe cnera xao pesana UBeT, caxcnjcxo, fianxoncxo, ana H xao
fiaurrencso unehe, y BH,ll,y norryne jecea.eu uBeTHOM acopravany y napxoaaaa. Y xyrrry-
py in vitro xpaaanresre cy ysenene 70-THX ronana oaor aexa. Pa3JIHlJHTH THllOBH noser-
HHXeKCrrJIaHTaTa MHOro6pojHHX COpTH rajenn cy na lJBpCTHM WHJIHTelJHHM XpaHJbHBHM
rronnorava ca Pa3JIHlJHTHM fianancosr ayxcmra H UHTOKHHHHa. Ycnemuo clJopMHpalhe H
YMHO)KaBalhe H3,ll,aHaKa, xao H UeJIHX 6HJbaKa,ocrsapeno je y xynrypa xanyca (H i 11 G .P.,
1968, Ben - J aacov J., Lan gh an s R.W., 1972), rreTHOJIa H npxa cTa6JIa (B u sh S.R.
etal., 1976), MepHcTeMa (Sangwan R.S. etal., 1987), cervenara cTa6JIa (Lu C.Y.
et al., 1990) H JIHCTOBa (B h a tt a Ch a r yaP. et al., 1990, K a u I V. et al., 1990, Lee T.
et al., 1997). Perenepauaja 6HJbaKaxpnsanreaa je llOCTHrHyTa H COMaTCKOM eM6pIfore-
He30M (P a vi n g e r 0 v a D. et al., 1994, 0 k a S. et al., 1999). TIoCJIe,ll,lbHX ronaaa ce HH-
Te3HBHO ncrpaxcyje MorynHocT reHeTHlJKHX rpancdiopvauaja y KYJIrypH in vitro xpasaa-
TeMa(Sherman J.M. etal., 1998, ZUker A. etal., 1998).
Ilpensrer osor pana cy ncrpazoraarsa 0 in vitro pa3MHO)KaBalbY H O)KHJbaBalbY He-
KOJIHKO COpTH xpnaatrreaa xoje cy aarepecaarne sa usehapcrao y nauioj 3eMJbH.
2. MATEPHJAJI II METO,l(E PA,l(A
3a ycnocraarsan,e in vitro xynrype H3,ll,aHaKa xopmnheaa cy ceraenrn cTa6JIa ca
jezmoa no nse mrrepaonnje 13 COpTH xpuaatrreva, evs: Aibert Heyn ("AH"), Copper
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Spider ("CS"), June Rose ("JR"), June Yellow ("JY"), Papagaj ("P"), Reagan Splendid
("RSp"), Reagan Sunny ("RS"), Reagan White ("RW"), Tigerrag ("T"), Vesuvio ("V"),
Violet Spider ("VS"), White Spider ("WS") HYellow Jubilee ("YJ"). IlOBpIIlHHcKa CTe-
panasanaja 6HJbHOr MaTepHjana H3BpIIleHa je craunapnnoa MeTO):(OM crepnnasauaje
(Pa aoj e a a h 11. etal., 1994). HH):(yKUHja opraaoreaese y KyJITYpH cerssenara cTa6JIa
je nocrnnryra HHe):(aBHO omrcana y pany P a n 0j e BHh Hcapannaua (2000).
CBe XpaHJbHBe noanore cy canpzcane MS MHHepanHH pacrsop (Murashige T.,
Skoog F., 1962),3% caxaposy, 0,7% arapa H(y mg.L-I ) : MHO-HH03HTOJIIOO, BHTaMHH 01
30, HHKOTHHCKy xacemmy 10, THP03HH 100 Ha):(eHHH cympar SO (MS nonnora). 3a acrm-
rasaa,e yruuaja oztpehenor6anaHca ayxcana H UHTOKHHHHa na cPopMHpalhe HYMHO)l(a-
nan.e H3):(aHaKa CBHX npoysaaanax COpTH xpnsaareaa xopaurhene cy -rerapa XpaHJbHBe
nonnore: AI=MS+O,I mg-L" a-HacPTHJI cnpherna KHCeJIHHa (HAA)+ 1 mg.L-1 KHHeTHH
(KHH); A2=MS+0,5 mg-L:' HAA+I mg-L" KHH; 01=MS+O,1 mg-Lr) HAA+I mg-Lr)
6-6eH3lUIaMHHonypHHa (oAll); 02=MS+0,5 mg-L" HAA+1 mg-L') oAll. H3):(aHUH (2-
3 em) cy O)l(HJbaBaHH aa MS xpaarsnsoj nOM03H 6e3 xopuona. EcPHKacHocT O)l(HJbaBa-
lha H3):(aHaKa je onpehena ira OCHOBy yseurha O)l(HJbeHHX H3):(aHaKa (y %), 6poja cPOpMH-
pannx xopeaoaa, xao H):(y)l(HHe uajnyacer a):(BeHTHBHor xopena no H3):(aHKy.
llpe CTepHJIH3aUHje, pH XpaHJbHBHX nOMora je rroneuren na 5,S ):(o):(aBalheM 1 N
NaOH HJIH 1 N HC\. CBe XpaHJbHBe noztnore cy CTepHJIHCaHe 25 min y ayTOKJIaBy na
resmeparypn 0):( 114°C H rtpirrncxy 0):( O,S atm. KyJITYpe cy rajene na 6eJIoj CBeTJIOCTH
qJJ1yopecueHTHHx JIaMnH "TeCJIa", HHTe3HTeTa 20W, 4500°K, ca cPoTonepHo):(oM 16h CBe-
TJIOCTH H Sh MpaKa, npn revneparypu 25±1°C. AKJIHMaTH3aUHja Hnarse pacren.e O)l(H-
JbeHHX 6HJbaKa):(0 useraa,a onsujano ce y MeIIlaBHHH rreprmraHrpecera (3: I) YCTaKJIapH.
Pe3YJITaTH cy nO):(BprHyTH aHanH3H aapajaace (ANOVA) HLSD (least significant
difference) TecTY aa yrsphaaarse CTaTHCTHqKH 3HaqajHHX pa3JIHKa H3Meljy rpervaaa.
3. PE3YJITATH H ~HCKYCHJA
3.1. <l>opMHpalhe H YMHoiKaBalhe H3,lJ,aHaKa
Ilpoysaaau je yrnuaj naa UHTOKHHHHa (KI1HHEAll) YKOM6HHaUHjH ca nne KOH-
uenrpauaje ayxcana (HAA), O):(HOCHO A (rronnore AI HA2) HE-THna nonnora (nonnore
EI HE2) na cPopMHpalhe HYMHo)l(aBalhe H3):(aHaKa. Y paaoj cPa3H ycnocraarsan.a KyJITYpe
ceraenara cTa6JIa na MS xpanrsnaoj nOM03H ca HAA HEAll (0,5, O):(HOCHO 1,0 mg-L-I),
MopcPoreHeTcKH onrosop aehnne eKCnJIaHTaTa ce excnpnvapao npexo cPopMHpalha an-
BeHTHBHHX nynorsaxa (CJIHKa I). CJIHqaH MopcPoreHeTcKH onrosop je panaje yrnphen y
KyJITYpH ceraenara cTa6JIa HKO):( npyrnx COpTH xpaaaareve (L u C.Y. et al., 1990). Pa3-
BHne HYMHo)l(aBalhe H3):(aHaKa je 6HJIO Pa3JIHqHTOr HHTe3HTem na rronnorava Al HA2,
Y O):(HOCy na nonnore EI HE2 (XHCTOrpaM I). Ha AI HA2 XpaHJbHBHM nO):(JIOraMa xoje
cy 6HJIe ofioraheae KHHeTHHOM, xao UHTOKHHHHCKOM KOMnOHeHTOM y nOM03H, ysmoaca-
san-e H3):(aHaKa nnje 6HJIO sanoaorsaeajyhe, OCHM KO):( copre "JY". Osaj UHTOKHHHH je
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CJlHKa 1. CerMeHT crafina (ss) copre .Tigerrag" y paaoj <l>a3H HH-
,nyKUHje H<l>opMHpalha a,n,BeHTHBHHX nynorsaxa (AP) na
noanosa A2; x2I
Figure 1. Stem segment (ss) cv. "Tigerrag" in the early phase of in-
duction and adventitive buds (AP) formation on A2; x2I
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,UOBO,UHO ,UO epOpMHpalba
H paaaaha casco jeznror
HJIH peTKO ,UBa aKCHJIap-
na nyrrorsxa. Kana je
XpaHJbHBa nonnora 6HJIa
ofiorahena ca BAIT(non-
nore B1 H B2) , ,UOJIa1HJIO
je ,UO 3HaTHor nosehan.a
HH,UeKca YMHO)KaBalba
H3,UaHaKa KO,U CBHX cop-
TH. Iloaehan,e HH,UeKca
YMHO)KaBafha je, 3aBHCH-
JIO H O,U xonuenrpauaje
ynorpefirseaor ayxcuna.
XpaHJhHBa nozurora B1ca
HH)KOM KOHu,eHTpau,HjoM '
HAA(O,l mg·L-I)je6HJIa
60JhasaYMHO)KaBafhe H3-
zianaxa KO,U COpTH "WS"
H "RSp". Ko,U CBHX OCTa-
JIHX COpTH, XpaHJbHBa
nonnora ca HAA y KOH-
ueurpauaja 1,0 mg-lr''
je 6HJIa rrOBOJhHHja sa
YMHO)KaBalbe H3,UaHaKa.
Hajaehn HH,UeKC yMHO-
)KaBalba H3,UaHaKa (7,4)
HMaJIe cy copre "T" H
"RS". Ynorpefirsene non-
nore HHCy 6HJIe noromre
aa YMHO)KaBafhe H3,UaHa-
xa copre "JR", rra cy aa
nofiorsuraaarse YMHO)KaBafha H3,UaHaKa OBe copre norpefina ,Uo,UaTHa acrpaacaaan.a.
CJIe,UenH HOB npacryn y MHKporrpOrrarau,HjH XOpTHKYJIrypHHX BpCTa je ynorpefia TH,UH-
asypoaa (Lu C.Y., 1993) xora CMO y nperxonaou pany (Pn aoj e a ah lb. eta/., 2000)
rrpHMeHHJIH pana CTHMyJIau,Hje YMHO)Kaaafha H3,UaHaKa xpasaareua. Mel)yTHM, 360r rro-
jaae HeraTHBHHX etpesara TH,UHa3ypoHa, rrpe csera na aarparpaxauajy H3,UaHaKa, IIITOje
orpaaasaaano a.eroay nyrorpajny ynorpefiy, y OBOM pany CMO CTaBHJIH axuenar na
npoysaaarse 6aJIaHCa H xonueurpauaje ayxcnaa H npyrax U,HTOKHHHHa (KHH H BAIT)
KOjH ynrsy If na 60JhH KBaJIHTeT H3,UaHaKa. Ko,U CBHX COpTH, H3y3lfMajynH "JR", OqH-
me,UHO je na je ormoaanna KOM6HHau,Hja HAA H BAIT (0,5, O,UHOCHO 1,0 mg-L-I) ,UaJIa
najfiorse pesyrrrare na YMHO)KaBafhe H KBaJIHTeT H3,UaHaKa.
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Ilpeua rrporoxony Bhat t a-
Ch a ry -a H capannnxa (1990), y TO-
xy MaCOBHe nponaraunje y KYnrypl1
cerveuara crafina C. morifolium,
CY. .Birbal Sahni", MO)Ke ce npOH3-
BeCTH aa rommy naua l,4x 1014 H3-
nanaxa. Mehyrn«, npeua naurev
eKCnepl1MeHTanHOM nporoxony sa
I1CTI1 nepnon KynTHBaUHje MO)Ke ce
npoH3BeCTI1 2,8 x1011 113,UaHaKa, na
npavep sa copry "Tigerrag". Mo-
)KeMO 3aKJbYlJHTI1 na 6poj npoasse-
,UeHI1X l13,UaHaKa 3aBI1CH O,U copre,
3penOCTI1 HHI1Ul1janHor excnnanra-
'ra 11 XpaHJbI1Be nOMore xana ce pa-
,U11 0 in vitro xyrrrypncervenara CTa-
6na xpasanreraa (B hat t a c h a-
rya P. etal., 1990, Lu c.v etal.,
1990, J e ap e a o s n h C., Pa n oj e-
B 11n 11., 1995).
CJlI1Ka 2. Oaorn.ene 6l1Jb1.(I1Qe copre "Tigerrag" noc-
JIe MeCeQ nana rajen,a aa MS panrsaaoj no-
,nJI0311 6e3 xopaoaa
Figure 2. Rooted plantlets of cv. "Tigerrag" after one
mounth on MS hormone free medium
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XHCTorpaM 1. YTI1Qaj pmJII11.(I1TI1X XpaHJbI1BI1X nonnora na YMHO)l(aBallie 113,naHaKa 13 copra
xpasanreaa
Histogram 1. The effect of different culture media on shoot multiplication of 13 chrysanthe-
mum cultivars
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XHCTorpaM 2. Yrauaj MS XpaHJbHBe nonnore 6e3xopvona na OIKHJbaBaH,C H3,naHaKa xpmanreaa
Histogram 2. The effect of MS hormone free medium on shoot rooting of chrysanthemum
3.2. Oacnn.anan,e U3;J;aHaKa
Hsnaauu Xpl13aHTeMa ednncacno cy O)l<HJbaBaHI1 na MS XpaHJbI1Boj nO,lUI0311 6e3
xopsrona. TIoCJIe MeCeIJ, nana rajersa na OBOj nO,lUI0311 O)l(l1JbeHO je npl16JII1)1(HO 95-100%
113.naHaKa CBI1X COpTI1, 113Y3eB KO.n copre "P", Imjl1 cy ce 113.naHIJ,11 cJIa611je O)l(I1JbaBaJIl1
(81%). Eepl1KaCHOCT oscnn.aaaa,a, xao 11 KBaJIl1TeT xopeaosa, 113pa)l(eHI1 cy npexo 6poja
epopMl1paHllX xopenoaa no 611JbIJ,1111 npocesne .nY)l(I1He najnyacer xopena (XI1CTOrpaM 2.).
Hajneha rrpocesan 6poj xopeaosa no 611JbIJ,11 epopMl1paH je KO.n copre "JR" (18 xoperroaa
no 6I1JbIJ,I1), a HajMaI-b11 KO.n "RSp" 11 "JY" (4 xopena no 6I1JbIJ,I1). KopeHoBI1 copre "JR"
cy 611JII1 Haj.ny)l(11 ca npOCeqHOM .nY)l(I1HOM on 12 em, .nOK cy najxpahu KOpeHOBI1, .nY)l(I1He
1,5 em, 611JII1 epopMl1paHI1 na l13.naHIJ,I1Ma copre "WS".
3.3. AKJIUMaTu3a~uja 6UJhaKa
Enrstce Xpl13aHTeMa cy ce nofipo aKJIHMaTI130BaJIe na cnorsaunse yCJIOBe rajea,a,
Bpoj aKJII1MaTI130BaHI1X 611JbaKa 3aBI1CI10 je on copre: "AH" (71%), "CS" (63%), "JR"
(77%), "JY" (78%), "P" (72%), "RSp" (60%), "RS" (59%), "RW" (64%), "T" (84%), "V"
(72%), "VS" (69%), "WS" (56%) 11 "YJ" (55%). EI1JbKe xpmaareae cy nOCJIe oarosapa-
jyher epoTOnepl1o.na IJ,BeTaJIe, a fioja IJ,BeTOBa je 611JIa HH.neHTHtIHa MaTl1qHI1M 6I1JbKaMa.
4.3AKJbyqu;H
>Mnxporrponarauaja KO.n 13 COpTI1 Xpl13aHTeMa Moryna je nonaseha on ceruena-
ra cTa6JIa;
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>Onrauana nonnora sa ¢OpMHpalhe 1'1 YMHO)KaBalhe H3.QaHaKa je B2 nonnora ca
HAA 1'1 BAIl (0,5, O.QHOCHO 1 mgL-I);
>E¢HKacHo oxorrsaaaa,e H3.QaHaKa (95-100%) y 3aBHCHOCTH O.Q copre, onanjano
ce na MS nO.QJI03H 6e3 xopaona;
>IlpHKa3aHH npOTOKOJI, Y3Many MO.QH¢HKaUHjy y 3aBHCHOCTH O.Q copre, MO)Ke ce
ycneunro npHMeHHTH aa MHKponponaraUHjy H npyrnx xouepuajanao Tpa)KeHHX COpTH
xpaaaareva.
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STEM SEGMENT IN VITRO CULTURE OF CHRYSANTHEMUM AS A METHOD FOR
MICROPROPAGATION
Summary
Chrysanthemum is one of three the most important cut flowers in the world. In the earlier
work with chrysanthemum, micropropagation of C. morifolium was obtained from different ex-
plants, such as shoot tips, receptacles, petal segments, leaf culture, etc. The most efficient method
of micropropagation was stem segment culture with segments taken either from the top of the cut-
tings (Lu C.Y. et aI., 1990) or nodal/internodal parts of stem segments (B h a tt a c h a r yaP. et al.,
1990).
In this work, we investigated the morphogenic response of nodal segments of 13 chrysan-
themum cultivars: Aibert Heyn ("AH"), Copper Spider ("CS"), June Rose ("JR"), June Yellow
("JY"), Papagaj ("P"), Reagan Splendid ("RSp"), Reagan Sunny ("RS"), Reagan White ("RW"),
Tigerrag ("T"), Vesuvio ("V"), Violet Spider ("VS"), White Spider ("WS") and Yellow Jubilee
("YJ") subcultured on MS media supplemented with u-naphtalenacetic acid and kinetin or 6-ben-
zylaminopurine. The most suitable medium for all cultivars, except "JR", was MS medium supple-
mented with cc-naphtalenacetic acid and 6-benzylaminopurine (0.5, 1.0 mg-L", respectively). The
highest shoot multiplication index (7.4) was achieved for cultivars "Tigerrag" and "June Rose".
Shoot rooting was efficient on a MS hormone free medium for all cultivars and ranged 81-100%.
Root number and average length of the longest root were investigated for the estimation of rooting
efficiency and root quality. The highest number of roots per plant formed cv. "June Rose" (18
roots/plant), whereas only four roots were formed for "Reagan Splendid" and "June Yellow". Ac-
climatization of plants was satisfactory in the following cultivars:"AH" (71%), "CS" (63%),"JR"
(77%), "JY" (78%), "P" (72%), "RSp" (60%), "RS" (59%), "RW" (64%), "T" (84%), "V" (72%),
"VS" (69%), "WS" (56%) and "YJ" (55%). There were no mutational changes on leaves and flow-
ers in "micro" plants after greenhouse growth.
Presented protocol for micropropagation of these chrysanthemum cultivats can be used for
propagation of other commercially valuable cultivars which are important for horticulture in our
country.
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